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Ground Penetrating Radar (GPR) detects invisible objects, layers, properties and 
distribution of underground media by transmitting high frequency broadband 
electromagnetic waves into the ground. It is a non-destructive geophysical technology 
which has been widely used in various fields of economic construction and military. In 
practice, the radar signal will be interfered by electromagnetic interference and 
background noise, which makes the signals cannot accurately reflect the actual 
properties, location, and size of subsurface media, resulting the detection and 
identification difficulty of the target. Due to the difficulty of target detection and 
recognition. In the fields of road and tunnel detection, mineral exploration and 
underground pollution detection, etc., layered distributed media would always be 
encountered. It is not only the depth and thickness of the layers, but also the reflection 
coefficient attach reflection surface and the dielectric permittivity and conductivity of 
the layers that need to be obtained. Therefore, this paper takes the layered media 
containing thin layers as the object of the thesis, and studies the algorithms of 
calculating the electrical parameters of the surface by using the single base radar. 
The main work and innovations of this paper include: (1) The working principle 
of ground penetrating radar, the propagation characteristics of electromagnetic waves 
in different media are introduced, which are the theoretical basis for the calculation of 
electromagnetic parameters. (2) The time domain signal characteristics of ground 
penetrating radar signals with different targets are studied by simulation calculation of 
the known radar model. Based on the forward simulation results, the dynamic range of 
the radar antenna is calculated under different models. (3) An inversion method to 
calculate the relative permittivity and conductivity of unknown medium under a non-
ideal condition of a darkroom, using one horn antenna and vector network analyzer. (4) 
The principle of Matrix Pencil Method(MPM) are introduced，which is applied to the 
filtering algorithm of radar echo signal. MPM can separate the reflected signals, and 
the earth medium reflection signals needed were extracted by MPM, which makes an 
accurate inversion of electromagnetic parameters of earth surface material. Finally, we 
propose a new algorithm to calculate the surface dielectric permittivity and conductivity. 
The method reduces the influence of the experimental environment, and improves the 
















experiments and the results of the test data implies the method is correct and effective. 
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表层穿透雷达（surface penetrating radar, SPR）和表层界面雷达（subsurface interface 
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